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In order to identify the effects of Pr additions on thermoelectric properties of strontium titanate,
crystal structure, electrical and thermal conductivity, and Seebeck coefficient of Sr1 xPrxTiO3
(x¼ 0.02 0.30) materials were studied at 400<T< 1180K under highly reducing atmosphere.
The mechanism of electronic transport was found to be similar up to 10% of praseodymium
content, where generation of the charge carriers upon substitution resulted in significant increase of
the electrical conductivity, moderate decrease in Seebeck coefficient, and general improvement of
the power factor. Formation of point defects in the course of substitution led to suppression of the
lattice thermal conductivity, whilst the contribution from electronic component was increasing
with carrier concentration. Possible formation of layered structures and growing distortion of
the perovskite lattice resulted in relatively low thermoelectric performance for Sr0.80Pr0.20TiO3
and Sr0.70Pr0.30TiO3. The maximum dimensionless figure of merit was observed for
Sr0.90Pr0.10TiO3 and amounted to 0.23 at 670K and 0.34 at 1170K, close to the values,
obtained in similar conditions for the best bulk thermoelectrics, based on rare-earth substituted
SrTiO3.VC 2013 American Institute of Physics. [http://dx.doi.org/10.1063/1.4790307]
I. INTRODUCTION
The development of environmentally friendly sources of
the electrical power represents a challenging task for the
energy sector worldwide. Since most of the energy (60%
70%) used in the world is discharged as waste heat, “green”
thermoelectric conversion received a considerable attention
due to simplicity without employing moving parts, silent
operation, and excellent scalability and reliability.1–5
Although oxides have been considered ill suited for thermo-
electric power generation,2 the layered Na2CoO4 oxide was
found to show high thermopower along with high electrical
conductivity.2,6 Since this discovery, many efforts were
made on exploring new Co-containing oxides demonstrating
high thermoelectric performance (Refs. 1 5 and references
therein). At present time, particular interest is given to the
transition metal-based mixed-conducting oxide materials,
due to prospective thermoelectric properties (Refs. 3, 4, 7 9
and references therein), the absence of toxicity, and high nat-
ural abundance of the constituent compounds; the latter two
issues represent their main advantages over the traditional
thermoelectrics.
To develop feasible devices, thermoelectric modules
should comprise both p-type and n-type semiconductor legs.
For the time being, reasonably high performance was found
mainly for p-type oxide thermoelectrics. The latter empha-
sizes a strong necessity in seeking highly performing n-type
thermoelectric oxides. Among oxides, manganates10,11 and
strontium titanate SrTiO3,
12,13 having perovskite-type lattice
are considered promising thermoelectric materials. However,
the bulk thermoelectric performance of pure SrTiO3 is low,
with wide band-gap and relatively high lattice thermal con-
ductivity.14 In recent years, many research efforts were
focused on improving the n-type thermoelectric performance
of SrTiO3 by either A- or B-site donor substitution. In particu-
lar, addition of lanthanum or niobium proportionally increases
the carrier concentration (n), resulting in higher electrical con-
ductivity (r) and lower Seebeck coefficient (a).14–20 Still, this
leads to a general improvement of the power factor (ra2). At
low dopant content, the thermal conductivities of both
SrTi(Nb)O3 and Sr(La)TiO3 were found to be almost inde-
pendent on the carrier concentration.15,16,18,19 Though further
addition leads to unfavorable increase in the electronic contri-
bution of thermal conductivity of SrTi(Nb)O3,
16 improved
phonon scattering provides overall decrease in thermal con-
ductivity in the case of Sr(La)TiO3.
17 The latter suggests do-
nor substitution in A-sublattice as a promising strategy to
suppress thermal conductivity, whilst increasing the electrical
performance of strontium titanate. In fact, a comparison of
several lanthanide (Ln) dopants (Y, La, Sm, Gd, Dy) has
shown that the thermoelectric performance of Sr0.9Ln0.1TiO3,
described by dimensionless figure of merit ZT (ra2T/j), is
mainly influenced by the changes in thermal conductivity,
whilst electrical conductivity and Seebeck coefficient are
almost independent on the type of Ln cation.20 Representative
ZT values for bulk polycrystalline thermoelectric oxides are
0.22 for Sr0.9Dy0.1TiO3 at 573K,
20 0.28 for Sr0.9Nd0.1TiO3 at
873K,21 0.28 for Sr0.88La0.12TiO3 at 773K,
17 and even 0.36
for La0.1Sr0.83Dy0.07TiO3 at 1045K,
22 or 0.4 at 1040K for
EuTi0.98Nb0.02O3,
23 which are still fairly lower than required
for feasible devices (ZT> 1).24 Thus, further progress in
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improving ZT must rely on alternative ways such as micro-
and nanostructural approaches.4,5 At the same time, to our
best knowledge, the impact of praseodymium substitution on
thermoelectric properties of strontium titanate was not yet
studied. Thus, the present work was focused on thermoelectric
characterization of Sr1 xPrxTiO3 (x¼ 0.02, 0.05, 0.10, 0.20,
0.30) materials, sintered in highly reducing atmosphere.
II. EXPERIMENTAL
The powders of Sr1 xPrxTiO3 (x¼ 0.02, 0.05, 0.10,
0.20, 0.30) were prepared by conventional solid state route
using high-purity SrCO3 (Sigma Aldrich, 99.9%), Pr6O11
(Sigma Aldrich, 99.9%), and TiO2 (Sigma Aldrich, 99.8%).
Prior to the weighing, titanium oxide was dried at 973K for
2 h in air. The precursor mixtures were calcined consecu-
tively at 1173K, 1373K, 1473, and 1576K for 5 h at each
temperature, with intermediate regrindings. After subsequent
ball-milling with ethanol, disk-shaped ceramic samples were
compacted uniaxially and sintered under different condi-
tions. Samples with x¼ 0.10 0.30 were sintered directly
under reducing conditions, in flowing 10%H2 90%N2 mix-
ture, at 1773K for 10 h. For the samples with lower praseo-
dymium content, this upper temperature limit of the furnace
was insufficient to prepare the ceramic samples with reason-
able densities, under reducing conditions. Therefore, these
samples were preliminarily sintered in air for 10 h at 2023K
and 1973K for x¼ 0.02 and 0.05, respectively, and then
reduced at 1773K for 10 h in 10%H2 90%N2 atmosphere. In
the course of sintering/annealing, Pt foil or thick layer of the
powder with same composition was used as substrates in air
and hydrogen-based atmospheres, respectively, to avoid
reaction with alumina supports.
The obtained disk samples were cut into rectangular
bars for the measurements of total conductivity and Seebeck
coefficient, or polished to provide uniform thickness
(1.00mm) for thermal diffusivity measurements. Scanning
electron microscopy (SEM) observations were performed on
fracture surfaces; for X-ray diffraction (XRD) and specific
heat capacity studies, the obtained ceramic samples were
ground to powders in a mortar.
X-ray diffraction patterns were recorded using a Rigaku
D/Max-B diffractometer (CuKa, 2H¼ 10 80, step 0.02,
exposition 3 s). Unit-cell parameters were calculated from
the diffraction data using profile matching method in
FULLPROF software.25 The experimental densities (q) of
Sr1 xPrxTiO3 disk-shape ceramics were determined by geo-
metrical measurements and weighing. Microstructural char-
acterization was performed by SEM, using a Hitachi S-4100
instrument.
The total electrical conductivity and Seebeck coefficient
were measured simultaneously using bar-shaped samples
placed in specially developed alumina holder system. The
measurement part of the setup is similar to that described in
Ref. 26. The sample for thermopower measurement was
fixed in vertical position by spring load force, in connection
with two spiral Pt wires of S-type thermocouples, embedded
in alumina capillaries and also acting as thermal voltage
probes. In order to provide precise temperature control, the
distance between sample ends and the thermocouple junc-
tions did not exceed 1mm. Temperature gradient along the
length of the sample was set up by fine Pt wire heater, wound
in the grooves of the holder at the top side. For the total con-
ductivity measurements by four-probe DC technique, the
second bar-shaped sample was placed in crosswise position
in the vicinity of the middle part of the sample for thermo-
power measurement, in isothermal plane of the cell. The
measurements were performed in 10%H2 90%N2 mixture
after equilibration at 473 1173 K, decreasing the tempera-
ture by steps 50 80K. Whilst Seebeck coefficient measure-
ments were performed at typical temperature gradients of
20 30K, after each 2 3 steps the dependence of thermal
voltage on the temperature gradient was verified in order to
reveal and eliminate the effect of any voltage offset.27 How-
ever, for all measured compositions, the contribution of the
offset voltage into the measured thermal voltage was found
to be less than 3%. As an example, Fig. 1 shows the voltage
changes due to the applied temperature gradient, revealing a
good linear response as well as negligible voltage at
DT¼ 0K, if compared to that for DT¼ 20 30K. The results
of the Seebeck coefficient measurements were also corrected
for the contribution of platinum wires. The criteria for equili-
bration of a sample after change in temperature included the
relaxation rates of the conductivity and Seebeck coefficient
less than 0.1%/min and 0.002mV/(K min), respectively.
The thermal conductivity (j¼Dqcp) was determined
indirectly by measurements of thermal diffusivity (D)
(Netzsch LFA 457 Microflash), specific heat capacity (cp)
(Netzsch DSC 404C), and density. The measurements were
performed in flowing 5%H2 95%Ar mixture at 423 1173K;
the experimental procedure included stepwise (50K) change
in temperature, followed by dwell of 15 30min for thermal
equilibration of the sample. The estimated error in obtained
values of thermal conductivity was less than 10% for all
measured samples.
FIG. 1. Typical examples of thermal voltage changes in response to the
applied temperature gradient in the setup, used for Seebeck coefficient
studies.
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III. RESULTS AND DISCUSSION
XRD analysis of the Sr1 xPrxTiO3 (x¼ 0.02, 0.05, 0.10,
0.20, 0.30) showed the formation of single-phase perovskite-
type structure for all studied compositions (Fig. 2), corre-
sponding lattice parameters are listed in Table I. The formation
of cubic cell lattice with space group Pm3m was observed for
x¼ 0.02 and 0.05, in accordance with literature data.28,29
Appearance of a weak reflection near 2H 38 for 0.10 x
 0.20, the intensity of which grows up with increasing prase-
odymium content, indicates change to tetragonal symmetry
(space group I4/mcm), due to the significant difference in ionic
radii between Sr2þ and Pr3þ/Pr4þ and corresponding distortion
of TiO6 octahedron.
29,30 The cubic unit cell volume slightly
increases with Pr content from 59.66 to 59.71 A˚3 for
0.02 x 0.10, in the case of Sr0.90Pr0.10TiO3 pseudocubic
lattice parameters were considered. Splitting of peaks at higher
diffraction angles in XRD pattern of S70P30 composition
suggests further decrease of lattice symmetry with Pr substitu-
tion. The pattern was, therefore, refined in orthorhombic
symmetry using Imma space group, as was suggested for
Sr0.7La0.3TiO3þd.
31 Noteworthy that, even under reducing
conditions, A-site substitution of Sr2þ by Pr3þ may result in
oxygen excess in the samples, e.g., Sr1 xPrxTiO3þd. In this
case, analogously to (La,Sr)TiO3 system,
32,33 the prepared
materials can be viewed as members of AnBnO3nþ2 d series,
mainly for the highest lanthanide contents (x¼ 0.20, 0.30).
These structures can be described as perovskite slabs joined by
crystallographic shears, where excess oxygen is accommo-
dated. Also, for higher praseodymium concentrations, one
should not exclude at least partial charge compensation via
formation of Ruddlesden-Popper or SrO-rich secondary
phases, though it typically takes place under oxidizing condi-
tions (Ref. 34 and references therein). Although unambiguous
detection of this phases by XRD analysis for the discussed Pr
concentration range seems rather unlikely, their presence may
noticeably contribute to the electrical and thermal properties,
as discussed below.
According to the results of SEM analysis (Fig. 3) and
density measurements (Table I), the sinterability of
Sr1 xPrxTiO3 ceramics decreases for high praseodymium
content x¼ 0.20, 0.30. At 0.02 x 0.10, the formation of
relatively dense ceramics was observed (Figs. 3(a) and 3(b)),
whilst a representative micrograph for Sr0.80Pr0.20TiO3 (Fig.
3(c)) indicates the formation of porous microstructure, with
apparent porosity of 23% (Table I). Since the porosity may
have a significant effect on electrical and thermal conductiv-
ities, the experimental data for r and j were corrected,
assuming that spherical pores are homogeneously distributed
in the material, as described in Ref. 35.
FIG. 2. XRD patterns of Sr1 xPrxTiO3 powdered samples at room temperature.
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The temperature dependence of the total conductivity of
Sr1 xPrxTiO3 ceramic samples is shown in Fig. 4. The con-
ductivity increases with increasing praseodymium content up
to x¼ 0.10, due to an increase in carrier concentration. In
strongly reducing environments, the latter can be represented
by the formation of defects according to the reaction
ðx=2ÞPr2 O3 þ ð1 xÞSrOþ TiO2 SrTiO3! xPr•Sr
þ ð1 xÞSrxSr þ TixTi þ 3OxO þ xe0 þ ðx=4ÞO2ðgÞ: (1)
The electrical conductivity decreases with increasing tem-
perature, indicating metallic conduction of the samples in the
range of 0.02 x 0.10. On the contrary, transition to
semiconductor-type behaviour, followed by dramatic
decrease in conductivity, was observed for Sr0.80Pr0.20TiO3
and Sr0.70Pr0.30TiO3. Most likely, for high praseodymium
concentration, the formation of extended defects, where
excess oxygen is accommodated (Eq. (2)), or charge com-
pensation by simultaneous formation of strontium vacancies
and rock-salt layers (Eq. (3)) may lead to appearance of
localized electron states
ðx=2ÞPr2 O3 þ ð1 xÞSrOþ TiO2 SrTiO3! xPr•Sr
þ ð1 xÞSrxSr þ TixTi þ 3OxO þ ðx=2ÞO00ex; (2)
ðx=2ÞPr2 O3þ ð1 xÞSrOþTiO2 SrTiO3!xPr•Sr
þ ð1 1:5xÞSrxSrþTixTiþ 3OxOþ ðx=2ÞV00Srþ ðx=2ÞSrOrs:
(3)
At the same time, while smaller lattice volume provides
higher overlapping of Ti-3 d orbitals, thus promoting deloc-
alization of electrons and metallic-type conductivity varia-
tions with temperature,36,37 observed for 0.02 x 0.10,
further increase in distortion of the perovskite lattice results
in growing deviation of Ti-O-Ti bond angle from 180
and weakening of Ti-O bonds. The latter may also contribute
to the dramatic change in conductivity mechanism. At
higher temperatures, crystal lattice expansion may partially
compensate the stresses, generated by Pr substitution, thus
providing similar conductivity values for compositions with
x¼ 0.10, 0.20, and 0.30, or even crossover of the results for
x¼ 0.1 and x 0.2.
Fig. 5 shows the temperature dependence of Seebeck
coefficient for Sr1 xPrxTiO3 ceramics. The negative sign of a
confirms n-type conductivity in all prepared samples. Over the
whole measured temperature range, the Seebeck coefficient
shows a trend to increase on heating. Similar type of a vs T
dependence was discussed for Sr1 xLaxTiO3 system on the
basis of Boltzmann transport in a simplified parabolic band
approach.19 In general case, the relationship between the
thermopower and carrier concentration can be given as a  c
 ln(n),17 where c is the scattering factor. Thus, the absolute
values of Seebeck coefficient decrease with increasing Pr con-
tent due to the increase in carrier concentration. The results
are consistent with those presented in literature for
Sr1 xLaxTiO3 and Sr1 xNdxTiO3 systems,
17–21,38 also consid-
ering the magnitude of Seebeck coefficient. As an example,
the a value of 220lV/K at 1000K, obtained in present work
for Sr0.90Pr0.10TiO3, in similar conditions is comparable to
that of Sr0.90La0.10TiO3 (220 245lV/K)20,38 and Sr0.90
Nd0.10TiO3 (210lV/K).21 The latter, in particular, indi-
cates that addition of Pr follows the similar trends with other
rare-earth elements, regarding their effect on electrical proper-
ties of SrTiO3. At the same time, an increase in electron local-
ization upon Pr addition, having profound effect on the
electrical conductivity changes with temperature (Fig. 4), may
lead to a larger carrier effective mass. This influence, to a cer-
tain extent, may compensate the decrease in the Seebeck coef-
ficient caused by the increase in carrier concentration, and
thereby relatively large thermopower could be maintained
even for high dopant content.39 The latter may also be respon-
sible for close values of a, observed for Sr0.80Pr0.20TiO3 and
Sr0.70Pr0.30TiO3 (Fig. 5).
The combined effect of electrical conductivity and See-
beck coefficient is illustrated by the temperature dependence
of the power factor (Fig. 6). For x 0.10, the power factor
exhibits similar behaviour with that observed for
Sr1 xLaxTiO3 and La0.1Sr0.9 xDyxTiO3 ceramics.
17,22,40 The
maximum power factor of 1400 lW m 1 K 1 at 670K was
observed for Sr0.90Pr0.10TiO3, in accordance with the trends











Sr0.98Pr0.02TiO3 Cubic a 3.9076(3) 59.66(1) 4.91 95.5
Sr0.95Pr0.05TiO3 Cubic a 3.9086(3) 59.71(1) 4.85 93.7
Sr0.90Pr0.10TiO3 Tetragonal a 5.5294(5) 59.71(1)
b 5.15 98.0
c 7.8124(6)
Sr0.80Pr0.20TiO3 Tetragonal a 5.5190(3) 238.69(2) 4.14 76.6
c 7.8363(4)
Sr0.70Pr0.30TiO3 Orthorhombic a 5.5378(2) 238.42(1) 3.69 66.7
b 7.7971(3)
c 5.5217(2)
aWas calculated assuming that d 0.
bPseudocubic unit cell volume.
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in total conductivity and Seebeck coefficient changes on add-
ing praseodymium. This value is comparable with the maxi-
mum obtained for Sr1 xLaxTiO3
17 and noticeably higher




42 The highest power factor of
Sr0.90Pr0.10TiO3 is provided by sharp increase in conductiv-
ity, whilst corresponding decrease in Seebeck coefficient is
rather moderate. The results emphasize a high potential of
substitution with praseodymium in approximate range of
x¼ 0.07 0.15 for improving the power factor of strontium ti-
tanate; for the latter, further optimization of praseodymium
content is required. Despite relatively high Seebeck coeffi-
cient due to appearance of localized electron states, dramatic
conductivity decrease at x 0.20 is, in turn, responsible for
low ra2 values, observed for the highest Pr contents in
Sr1 xPrxTiO3 ceramic samples (Fig. 6).
The thermal conductivity of Sr1 xPrxTiO3 decreases with
increasing temperature proportionally to T 1, suggesting the
prevailing role of lattice contribution (Fig. 7). For the x 0.10,
the thermal conductivity is weakly dependent on Pr content
and slightly decreases with x. The impact of praseodymium
additions can be analyzed considering two contributions to heat
FIG. 4. Temperature dependence of the total conductivity of Sr1 xPrxTiO3
ceramics.
FIG. 5. Seebeck coefficient vs. temperature for Sr1 xPrxTiO3 ceramic
samples.
FIG. 3. SEM micrographs of the fractured ceramic Sr1 xPrxTiO3 samples
with x 0.02 (a), x 0.10 (b), and x 0.20 (c).
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transfer in materials, namely, lattice contribution (jph) and
electronic component (jel)
j ¼ jph þ jel: (4)
Electronic jel can be estimated from Wiedemann-Franz’s
law as
jel ¼ LrT; (5)
where L is the Lorenz number (2.44 10 8 V2K 2). The
lattice thermal conductivity behaviour with temperature (Fig.
8(a)) is similar to that for j (Fig. 8(a)), again confirming the
major contribution from jph; for all studied materials, the
electronic part was less than 20% (Fig. 8(b)). For x 0.10,
formation of point defects due to Pr addition is beneficial for
improved phonon scattering and, thus, for lower lattice ther-
mal conductivity, in agreement with the results obtained for
various (Sr,Ln)TiO3 materials.
17,21,42 In opposite to the nega-
tive effect on electronic conduction, distortion of perovskite
lattice and weakening of Ti-O bonds may also provide stron-
ger phonon-lattice interactions, resulting in lower jph.
43 At
the same time, the electronic thermal conductivity becomes
significant at high carrier concentration: the jel contribution
to the thermal conductivity increases from 1% 5% for
x 0.05 up to 15% 20% in the case of Sr0.90Pr0.10TiO3 (Fig.
8(b)). The latter, in particular, indicates that the positive
effect of Pr on power factor and jph can be diminished by an
increase in the electronic component of the thermal conduc-
tivity. Moreover, the lattice thermal conductivities of
Sr0.90Pr0.10TiO3 and Sr0.70Pr0.30TiO3 are similar (Fig. 8(a)),
suggesting that increasing praseodymium concentration
above 10% does not yield further improvement in phonon
scattering. However, one also should take into account rela-
tively low densities, observed for x 0.20 samples, which
may lead to a certain overestimation of the thermal conduc-
tivity for Sr0.80Pr0.20TiO3 d and Sr0.70Pr0.30TiO3 d.
Finally, Fig. 9 shows the temperature dependence of the
dimensionless figure of merit ZT for Sr1 xPrxTiO3 ceramics.
For x 0.10, the ZT values increase with heating, following
the same trend as observed in Sr1 xNdxTiO3 (Ref. 21) and
Sr0.9 xDyxLa0.1TiO3 (Ref. 22) systems. The maximum ZT cor-
responds to Sr0.90Pr0.10TiO3 material and amounts to 0.23 at
670K and 0.34 at 1170K. These values are comparable to
those obtained for the best bulk n-type thermoelectrics, based
FIG. 6. Power factor of Sr1 xPrxTiO3 ceramics.
FIG. 7. Temperature dependence of the thermal conductivity of
Sr1 xPrxTiO3 ceramic samples.
FIG. 8. Lattice thermal conductivity of Sr1 xPrxTiO3 (a) and its contribution
to the total thermal conductivity (b).
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on rare-earth substituted SrTiO3 (Fig. 9). Although the figure
of merit of Sr0.90Ln0.10TiO3 was found to increase in the
sequence La<Sm<Gd<Dy,20 ZT values for Sr0.90Dy0.10TiO3
(Ref. 20) and Sr0.90Pr0.10TiO3 ceramics, obtained in present
work, are similar up to 800K, whilst at higher temperature the
figure of merit of Sr0.90Pr0.10TiO3 is significantly larger (Fig.
9). However, in this case, the comparison is, to a certain
extent, ambiguous, since the discussed values for Sr0.90Dy0.10
TiO3 were obtained for material, sintered in Ar atmosphere,
what may lead to underestimation of ZT in reducing conditions
due to incomplete reduction. Apparently, the same reasons are
responsible for noticeably lower ZT at T> 700K, observed for
Sr0.92La0.08TiO3 (Ref. 17) and Sr0.90La0.10TiO3.
20 On the
contrary, the ZT of Sr0.90Pr0.10TiO3 is close to that of
Sr0.90Nd0.10TiO3,
21 prepared in similar condition, although it
should be lower, if assuming the relationship between nature
of rare-earth cation and thermoelectric properties of
Sr0.90Ln0.10TiO3, found in Ref. 20. Thus, to understand deeper
the effect of Pr additions, studied in present work, the influ-
ence of rare earth atomic mass and ionic radius on thermoelec-
tric properties of (Sr,Ln)TiO3 should be reassessed in strongly
reducing conditions, where these materials show the highest
performance. Simultaneous co-additions of La and Dy
result in higher ZT at T> 900K than that obtained for
Sr0.90Pr0.10TiO3. Therefore, one may foresee further improve-
ment of the thermoelectric performance for Pr-substituted
SrTiO3 by the same strategy.
IV. CONCLUSIONS
Ceramic Sr1 xPrxTiO3 (x¼ 0.02, 0.05, 0.10, 0.20, 0.30)
materials were prepared by conventional solid state route,
followed by sintering at 1773K in highly reducing atmos-
phere. An increase in charge carrier concentration upon par-
tial substitution of Sr by Pr was found to increase electrical
conductivity and decrease Seebeck coefficient for x 0.10,
leading to general improvement of the power factor. Possible
formation of layered structures and growing distortion of
perovskite lattice resulted in low power factor for
Sr0.80Pr0.20TiO3 and Sr0.70Pr0.30TiO3. Moderate addition of
praseodymium was found promising for suppressing lattice
thermal conductivity in strontium titanate. However, the pos-
itive effect of Pr substitution on power factor and lattice ther-
mal conductivity can be diminished by an increase in the
electronic component of the thermal conductivity. Maximum
dimensionless figure of merit, comparable to those of the
best bulk thermoelectrics, based on A-site donor substituted
SrTiO3, was observed for Sr0.90Pr0.10TiO3 material. The
results suggest Pr addition in SrTiO3 as a promising strategy
for seeking highly performing n-type thermoelectric oxides,
where further improvement in performance may be achieved
by co-additions of other rare-earth element and/or introduc-
tion of cation vacancies, aiming on enhancement of phonon
scattering by lattice and suppressing the contribution of the
electronic thermal conductivity.
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